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| Constants and conversions 


Table | 
Quantity Unit 
speed ms~! 
acceleration ms? 
angular speed rads~! 
angular acceleration rads~? 
linear momentum kgms—! 
angular momentum kgm? s~! 
force newton (N) 
energy joule (J) 
power watt (W) 
pressure pascal (Pa) 
frequency hertz (Hz) 
charge coulomb (C) 
potential difference volt (V) 
electric field nc? 
magnetic field tesla (T) 


Table 2. Other unit conversions. 


wavelength 
1 nanometre (nm) = 10A = 107? m 
1 Angstrom = 0.1nm = 1071? m 


angular measure 

1° = 60 arcmin = 3600 arcsec 
1° = 0.017 45 radian 

1 radian = 57.30° 


temperature 
absolute zero: 0 K = —273.15°C 
0°C = 273.15K 


spectral flux density 
1jansky (Jy) = 10-2° Wm~? Hz~! 
1Wm-? Hz"! = 1076 Jy 


cgs units 
lerg=10-"J 
1dyne = 10-°N 
1 gauss = 10-* T 
lemu = 10C 


Common SI unit conversions and derived units. 


Conversion 


1N=1kgms~? 

1J=i1Nm= ikem’? s? 
iW=i1Js"*=i1kem’ s 
1Pa=1Nm?=1kem's? 
ine 16" 

1C=1As 

i1V=1JC t=1kem*s *A* 
INC + =1Vm'=1kems "A 
iT=tNem" C= lkes A 


mass-energy equivalence 
1kg = 8.99 x 10!°J/c? (cinms~!) 
1kg = 5.61 x 10®° eV/c? (cinms—') 


distance 

1 astronomical unit (AU) = 1.496 x 10!4m 

1 light-year (ly) = 9.461 x 10!° m = 0.307 pe 
1 parsec (pc) = 3.086 x 10!°m = 3.26 ly 


energy 
leV = 1.602 x 1071!°J 
1J = 6.242 x 10!8& eV 


cross-sectional area 
1 barn = 10728 m? 
1m? = 1078 barn 


pressure 
1 bar = 10° Pa 
1 Pa = 107° bar 


1 atmosphere = 1.013 25 bar 
1 atmosphere = 1.013 25 x 10° Pa 


Table 3. Constants. 


Name of constant 


Fundamental constants 
gravitational constant 
Boltzmann’s constant 
speed of light in vacuum 
Planck’s constant 


fine structure constant 
Stefan—Boltzmann constant 
Thomson cross-section 
permittivity of free space 
permeability of free space 


Particle constants 
charge of proton 
charge of electron 
electron rest mass 


proton rest mass 
neutron rest mass 


atomic mass unit 


Astronomical constants 
mass of the Sun 
radius of the Sun 
luminosity of the sun 
mass of the Earth 
radius of the Earth 
mass of Jupiter 
radius of Jupiter 
astronomical unit 
light-year 

parsec 

Hubble parameter 


age of Universe 

current critical density 

current dark energy density 

current matter density 

current baryonic matter density 
current non-baryonic matter density 
current curvature density 

current deceleration 


SI value 


6.673 x 107"! Nm? kg~? 
1.381 x 10-73 JK~! 

2.998 x 108 ms~! 

6.626 x 107343 s 

1.055 x 10-**Js 

1/137.0 

5.671 x 10-8 Jm-?2 K-57! 
6.652 x 10-29 m? 

8.854 x 10712 C2N-! m-? 
An x 107? Tm A~! 


1.602 x 10-!°C 
—1.602 x 10-°C 
9.109 x 107-3! kg 
= 0.511 MeV/c? 


1.673 x 107?’ kg 
= 938.3 MeV/c? 


1.675 x 10-2" kg 
= 939.6 MeV/c? 


1.661 x 107?’ kg 


1.99 x 10°°kg 
6.96 x 10° m 

3.83 x 102° W 
5.97 x 1074kg 
6.37 x 10°m 

1.90 x 10?” kg 
7.15 x 10’m 

1.496 x 10!! m 
9.461 x 10!°m 
3.086 x 1016 m 


(70.4 + 1.5) kms~! Mpe7! 
(2.28 + 0.05) x 10718 s~4 
(13.73 £0.15) x 10° years 
(9.30 + 0.40) x 10-27 kg m7? 
(73.2 + 1.8)% 

(26.8 + 1.8)% 

(4.4 + 0.2)% 

(22.3 + 0.9)% 

(-1.4+41.7)% 

—0.595 + 0.025 


2 Mathematics 
2.1 Algebra 


y® x yP = yt? y*/yP = 2, (y2)? = y® 
For logarithms to any base: 
log(a x b) = loga+logb, log(a/b) = loga—logb, loga?’ = bloga 
sin? 6 + cos? 6 = 1 
a-b= abcos@ = agby + Gyby + azbz scalar product 
la X b| = absind vector product magnitude 
a X b= (aybz — azby, azbz — Azbz,azby — Ayby) vector product components 


2.2 Calculus 


itg=at" then dy/dt = nat”! 

if y= aexp(kt) then dy/dt = ak exp(kt) 
ify =asin(wt) then dy/dt = aw cos(wt) 
if y=acos(wt) then dy/dt = —aw sin(wt) 
if y = alog,t then dy/dt = a/t 


ae x a chain rule al Sa sum rule 
dx du dz dt a ae 
du _ ,,du 
aw) = ue + a product rule aul) = et quotient rule 
Meee?) ae logarithmic differentiation 
dt x 
f(z) © f(a) + (a —a)f'(a) + (w@ — a)? f"(a)/2! +... Taylor series 
grad T = VT = oF ci of gradient of a scalar field 
Ox Oy Oz 
Ax A A, 
divA=V-A= @ + da oe divergence of a vector field 
Ox Oy Oz 
at™tt 
if y = at then fydt = “~~ + C (forn # —1) 
if y= at~} then [ ydt = alog, t+C 
k; 
ify =aexp(kt) then fydt = sen) V6 
acos(wt) 
ify =asin(wt) then f ydt = -——~—_ + C 
asin(wt) 
if y= acos(wt) then f ydt = ———+ + C 


J (w+v)dt= fudt+ fvdt  sumrule for integration 
fudv = uv — fvdu integration by parts 


2.3 Geometry 


straight-line graph areaofacircle volume ofasphere surface area of a sphere 
y=mzt+ce Ajai? V =47it"/3 A= 4rR? 


2.4 Statistics 


on =VN __ Poisson statistics 


3 Physics 


3.1 Mechanics 


Mm, = mamp/(ma + mp) reduced mass 


v=dr/dt velocity 

p=mv linear momentum 

a = dv/dt acceleration 

F=ma Newton’s second law 

F, = mv? /r = mrw? magnitude of centrifugal/centripetal force 
a= GM/R? magnitude of gravitational acceleration 
Vese = (2GM/R)1/? escape speed 

Ex = mv? /2 = p?/2m kinetic energy 

Ecr = —GmM/r gravitational potential energy 

Eor = —3GM?/5R gravitational potential energy of uniform sphere 
Fat = 1a" /2 rotational energy of a sphere 

l= IMA? /5 moment of inertia of a uniform sphere 
j=RXp angular momentum (particle) 

J=Iw angular momentum (body) 


Newton’s law of gravitation 


3.2 Special relativity 


Eo = mc? mass energy 
Ex = (y— 1)me? kinetic energy 
p= ymv linear momentum 
E=ymc? = Ey + Ex _ total energy 
E? = p*c?§ + m2ct energy—momentum relation 
zg’ = 7(V)(a — Vt) Lorentz transformation (space) 
t! =4(V)(t-—Va/c?) Lorentz transformation (time) 
1 
y(V) = ————_ Lorentz factor 
1 — (V2/c?) 
3.3 Gases 
PY =NET ideal gas law P= pkT/™ = pkT/pu 
PV” =constant adiabatic process Px p” 
Cy Y (P/p)/? isothermal sound speed c, ~ 10 (T'/104 K) 1? km gl 
pressure due to gas: 
2E 1E 
Pxr = a non-relativistic Pur = oF ultra-relativistic 


convection condition: 
dlog.T _ (y-) 
dlog, P + 


adiabatic index: 
1+ (s/2) 


p=Nm/V =nm=npu density 

Prad = 40T* /3c radiation pressure 

K(r) = Kop(r)T—3°(r) Kramer’s opacity 

B= dayne mean molecular mass 

y= Se [mj number density of nucleons 


Ne = pXe/Me = PYe/My number density of electrons 


3.4 Radiation 


2hv® 1 
B,(T) = 2 hv 
o* exp (gr) — 
QkT vy 
B,(T) = C 


2he? h 
B,(T) = : exp (-=) Wien displacement law B)(T) = ane exp (-45) 


Amel =5.1.% 10 mK 
Amel =2.9 * 10° mK 
F=oT* 

(Hg) = O70ET 

c= AV 


AA/A=V/e 


3.5 Quantum physics 


2he? 1 
black body radiation BT) = oie — 
A” exp (ser) = 
2ckT 
Rayleigh—Jeans law By(T) = <r 


Wien displacement law (maximizing B,,) 
Wien displacement law (maximizing B)) 
Stefan—Boltzmann law 

mean photon energy of black body 

speed of light 

Doppler shift of light 


Eon = AEatom = hv = hc/A = cpp —_ photon energy 


Ade = h/p= h/(3mkT)1/2 
En = —13.60 eV/n? 


de Broglie wavelength 
hydrogen energy levels 


uw! = mc? — kT log.(gsnqnr/n) chemical potential 


nanr = (2amkT/h?)3/? 
Pr = Kyrne 


Por = Kurne 5 


(-- LS +0) wt 


Fermi energy: Ep ~ p4/2m, 


quantum concentration (non-relativistic) 
degenerate electron gas pressure (non-relativistic) 
where Kur = (h?/5me)(3/87)2/3 

degenerate electron gas pressure (ultra-relativistic) 
where Kup = (he/4)(3/87)1/3 


= Ew,(r) time-independent one-dimensional Schrédinger equation 


Fermi momentum: pp = (3n¢/87)'/8h, 


Fermi temperature: Tp = n?/2h?/(27mk) 


3.6 Nuclear fusion 


Poen © exp[— (Eq /E)/”) 
Eq= 2m,c?(naZp Zp)” 
L=lfor 


Rap = nanp(or;) 
Raa= (n4 /2) (ov;) 
TA = nA/Rap 

Ta = 1A/2RAa 

Ey = (Eq(kT/2)?)"" 
A w~ 1.8(Eq/kT)/8kT 
Rap xT” 


fave 43 
Y= —_ = (= 
(=) 3 


barrier penetration probability 


Gamow energy 
mean free path 


reaction cross-section 


fusion rate (dissimilar particles) 
fusion rate (similar particles) 


mean lifetime (dissimilar particles) 
mean lifetime (similar particles) 


energy of Gamow peak 
Gamow width 
integrated fusion rate 


temperature exponent of fusion rate 


e(r) = Amc? x Rag = eop?(r)T”(r) energy generation rate 


Ran — SAS X10 mane S(Ho) (Ec ee 3 ( Ze 4/8 
mney @70 ea a: es 


| [keV barns] AkT AkT 


integrated fusion rate per unit volume 


4 Astrophysics 


4.1 Basic astronomy 


F=L/4nd flux 


L= dao Te luminosity 

my, — M2 = 2.5logi9(f2/F1) apparent magnitude 
M=m+5-5logigd—A absolute and apparent magnitude 
M, — Mz = 2.5logy9(L2/L1) absolute magnitude 


dian = (L/4a5)1/2 maximum distance / limiting flux relationship 
N(S) = (4270/3) (L/4ns)3/? number of detectable sources 
I(p)/TQ) =1-u(1 - p) linear limb darkening law 


4.2 Self-gravitating systems and stellar structure 


tT = (30 /32Gp)/? 

TkH = GM?/RL 

Tnuc = Pegéon) Ls 

dP(r)/dr = —Gm(r)p(r)/r? 
dm(r) /dr = 4rr?p(r) 


free-fall time 
Kelvin—Helmholtz timescale 
nuclear lifetime 

hydrostatic equilibrium 
mass continuity 


dT /dr = —[3K(r)p(r) L(r)|/[(4rr?)(160)T3(r)] radiative diffusion 


dL/dr = 4nre(r) 

(P) = -3£cr/V 

2EK + Eor = 0 

Ex + Ear = 0 

Evor = Ex + Ear 

P. ~ (1/36)!3GM2/3 94/3 
Jeans mass: My = 3kT Ry /2Gm 


Jeans density: 


2Gm 


energy generation 

virial theorem (general) 

virial theorem (non-relativistic) 

virial theorem (ultra-relativistic) 

total energy 

Clayton stellar model 

(NB this is not the mass of Jupiter My.) 


3 3kT \* ons . Sas 
pj = (NB this is not the density of Jupiter, for which py is also used.) 


An M? 


4.3 Pulsars 
Exvad = (2/33) (19 /4m)m?w* sin? 6 


Exot = Iw 
B= pom/4r R3 


B/tesla > 3.3 x 10!°(PP/seconds)!/2 
t< (w/w) =} (P/P) 


4.4 Orbits 


w= 2r/P 

$ = [(t—T)/P] — Now 

a? /P? = G(M, + Mp)/4n? 
M,r, = —Mprp 


magnetic dipole radiation 
rotational energy loss 

surface magnetic field 
magnetic-field—period relation 


age—period relation 


orbital angular speed 

orbital phase 

Kepler’s third law 

reflex orbit & planetary orbit 


Ary = 27aMp sini/(M, + Mp)P(1 — e?)1/2 radial velocity amplitude 


Mp sini = Apy (M2P/2nG)'? 
J = M,M)[Ga/(M, + M,)]”? 


mass-radial-velocity relation 
orbital angular momentum 


Teire = (2/21)(Qp/kap) (a3/GM,)" (Mp/M,) (a/Rp)°  circularization timescale 


Ry = a(Mp/3M,)‘/3 
dp = Ry(2Mp/My)'/2 


V=Vot+ 27aMp sini 


(Mp + M,)P(1 — e?)1/2 


radius of Hill sphere 
Roche limit 


[cos(0 + wop) + ecoswop] _ stellar radial velocity 


4.5 Exoplanets 


AF/F = RB/R? 

prob = (R, + Rp)/a(1 — e?) 

b = acosz 

s(t) = a(sin? wt + cos? i cos? wt)!/? 

E(t) = (a/R,)(sin? wt + cos? i cos? wt)!/? 


Taur = (P/7) sin7! [((Re + Rp)? a az cos i)'/? /a] 
Ae = 2 (pan +2 ~ (462 ~ (1 + € — p22)" /2) 
p= Rp/R, 
cos ay = (p? + & — 1)/2€p 
cos ag = (1+ £2 — p?)/2¢ 
_ 1/4 

Ta4= u [oe] 

2 ona 
Ty = (1— P)(1 — A)(R2/2a?) Te 
TA ont = P(1 — A)(R2/20?) Tey 
E, = p(Rp/a)? 
AFsp/F ~ (Taay/ Tose) ps Ry)? 
Pip Re 0.5j74/3 57/3 P, 


planetary transit light reduction 

geometric probability of transit 

impact parameter 

distance between centres of star/planet discs 


fractional distance between centres 
of star/planet discs 


duration of transit 
eclipsed areaifl—p<€<1l+p 
fractional radius 


angle in eclipsed area formula 


angle in eclipsed area formula 


equilibrium temperature 


equilibrium day-side temperature 


equilibrium night-side temperature 
amplitude of reflected light spectrum 
secondary eclipse depth (Rayleigh—Jeans approx) 


libration period for resonant orbit TTV 


6 Ps i transit timi iation (TTV) fe t orbit 
~ ansit timing variation or resonant orbits 
2™~ 4.57 M, + Mg é 
dNpirans 6? (AQAA nr ka 
dadMp 2419/4 sky hceorwum LSN 
R3 13” exp(—3K dmax/2 
4 arto (a, Mp) x eee transit detection probability 
R2 
Ag = Vssinis (ae) amplitude of Rossiter-McLaughlin effect 


_ _ an (1 — e?)1/? Any 


Re ae (2) 
— sin 2 
a 


surface gravity 


-1 


day-side temperature 


Saay Xr (2) By(Taay) ei ? 
— = —) +——_ [| — lanet—star flux ratio 
fed an By(Toright) \ Rx 7 
he he F 
Tas = — | 1 —_———__ ] - l 
dey NE ow (ox Coed) ) AF sr 
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